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Objectives: To evaluate the possible prevention of renal and intestinal ischaemia during surgen d of thoracoabdominal 
aortic aneurysms (TAAA) by use of retrograde and selective organ perfusion. 
Design: Prospective study. 
Materials: Thirty-three consecutive patients underwent TAAA repair, six of whom had a previous type B dissection: 14 
patients (35%) had type I TAAA, 12 patients type II (32%), three patients type [II (15%) and four patients type IV 
(18%). Mean age was 61 years (range 22-84 years). 
Methods: In patients with type I TAAA, retrograde aortic perfusion was performed by means of a left atrium femoral 
artery bypass or partial cardiopulmonary b pass. In type II, III and IV the same procedure was performe& however, 
following cross-clamping and opening of the abdominal orta, the coeliac trunc, superior mesenteric and both renal 
arteries were selectively perfused with four Pruitt-catheters (9 Fr.), connected asan octopus to the extracorporal circulation. 
Results: All patients urvived the surgical procedure. The minimal volume flow through each octopus catheter was 60 mI/ 
rain. Urine output was uninterrupted in all patients, irrespective of the aortic cross-clamp time. Only one patient (3%), 
who already had renal insufficiency, developed renal failure. Total in-hospital mortality was 15%, paraplegia occurred in 
I2%. 
Conclusion: Retrograde aortic and selective organ perfusion is a safe technique and can prevent ischaemic renal and 
intestinal damage during cross-clamping of the aorta in thoracoabdominal aneurysm surgery. 
Key Words: Organ perfusion, ThoracoabdominaI aneurysm. 
Introduction 
Surgical repair of thoracoabdominal aortic aneurysms 
(TAAA) is associated with a high morbidity and mor- 
tality. Spinal cord injury is the most dramatic com- 
plication, occurring in a substantial number of patients. 
The main preoperative risk factors for death include 
type II repair, urgent or emergency operation, acute 
aortic dissection and impaired renal function. 1 The 
greatest risk of renal failure after operation that 
requires dialysis occurs in patients who have impaired 
renal function before operationY Renal failure ac- 
counts for almost 30% of early death following TAAA 
repair9 's also in patients with normal preoperative 
creatinine. Prolonged ischaemia during cross-clamp- 
ing is the main cause of renal failure 6 and can also 
* Address correspondence to: M.I.H.M. Jacobs Academic Medical 
Centre, Department of Vascular Surgery, PO Box 22700, 1100 DE 
Amsterdam, The Netherlands. 
contribute to multiple organ failure due to liver and 
bowel hypoperfusion. 
Several techniques to preserve visceral organ func- 
tion during cross-clamping have been developed, like 
selective cooling and kidney perfusion with cold Ring- 
er's lactate solution; however, no protective effects 
could be proven. 2 Maintaining renal perfusion by 
means of retrograde aortic perfusion during cross- 
clamping theoretically diminishes ischaemic damage. 
The use of a left heart bypass with a centrifuged pump, 
however, did not reduce renal complications. 7'8This 
might well be explained because retrograde aortic 
perfusion is interrupted uring the abdominal part 
of the TAAA-repair and the kidneys are no longer 
perfused. Because this abdominal part of the procedure 
is the most time consuming, visceral ischaemia should 
ideally be avoided by selective organ perfusion. This 
prospective study evaluates the possible prevention 
of intestinal and renal ischaemia during aortic cross- 
clamping in patients with TAAAs by use of retrograde 
and selective organ perfusion. 
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Table 1. Associated risk factors (%) of all patients operated on for 
TAAA (n = 33). 
Previous myocardial nfarction 
Previous coronary bypass surgery 
Chronic pulmonary disease 
Hypertension 
Elevated creatinine (>110 gmol/1) 
12% 
16% 
60% 
36% 
12% 
Materials and Methods 
Patients 
This prospective study reports on 33 consecutive 
patients operated for TAAA. There were 30 men and 
three women, the median age was 64 years (range 
38-84 years). Out of these 33 patients, 14 patients (35%) 
had type I TAAA, 12 patients had type II (32%), three 
patients had type III (15%) and four patients had 
type IV (18%). The aetiology of the aneurysm was 
atherosclerosis in 30 patients, Marfan syndrome in two 
patients and Ehlers-Danlos type IV in one patient. In 
six patients the aneurysm coexisted with a type B 
dissection (two type I TAAA, four type II). The max- 
imal diameter of the aneurysm ranged from 5 to 10 cm. 
In five patients previous infrarenal aortic aneurysms 
were replaced by dacron grafts. Two patients were 
operated in emergency for symptomatic TAAA, how- 
ever, no rupture existed. 
Three patients had a blood creatinine higher than 
110 gmol/1 and one patient had undergone a renal 
transplant 5 years prior to the surgery of his type I 
TAAA and his creatinine was 164 ~tmol/1. Associated 
risk factors are specified in Table 1. 
TAAA protocol 
All patients were intubated with a double-lumen do- 
tracheal tube, allowing collapse of the left lung. In- 
duction of anaesthesia was achieved with etomidate 
and sufentanil and maintained with sufentanil and 
ketamine. Muscle relaxation was induced and main- 
tained with vecuronium bromide. Five leads ECG 
including ST segments-analysis, end-tidal carbon- 
dioxide, urine output, rectal and blood temperatures, 
blood pressure (via radial and femoral artery cath- 
eters), central venous and pulmonary artery pressures 
were monitored continuously. The cerebrospinal fluid 
(CSF) pressure was monitored uring surgery until 
the third postoperative day and CSF was drained if the 
pressure was higher than 15 mmHg. 9Motor-evoked 
potential (MEP) recording was performed to evaluate 
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Fig. 1. Schematic set-up of left heart bypass and octopus system. 
spinal cord function during cross-clamping. Com- 
pound muscle action potentials induced by tran- 
scranial electrical stimuli were recorded from the skin 
over the left and right anterior tibialis muscle and 
from the skin over the l ft and right thenar muscles 
using adhesive lectrodes. This technique has been 
described in detail before. 1° 
Patients were positioned on a bean bag with the 
thorax in the lateral position and the abdomen rotated 
towards the almost horizontal pelvis, allowing access 
to the right groin for cannulation. 
Retrograde aortic and selective organ perfusion 
Following exposure of the aorta through a left sided 
thoraco-phrenico-laparotomy, retrograde aortic per- 
fusion was achieved by cannulation of the left atrium 
and femoral artery and the use of a centrifugal pump 
(Sarns®) with heparin-coated tubing in 14 patients 
(Fig. 1). In these patients only 0.5 mg/kg heparin was 
given. In 19 patients retrograde aortic perfusion was 
performed using cardiopulmonary b pass with a fem- 
oral artery cannule and a long 26 French femoral 
vein cannule up to the right atrium and systemic 
heparinisation with 3 mg/kg (Fig. 2). The latter tech- 
nique has the possibility to induce hypothermia and 
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Fig. 2. Schematic set-up of partial c rdiopulmonary bypass with cannula through the femoral vein up to the caval vein/right atrium. 
provides circulatory support. Retrograde aortic per- 
fusion was started just before aortic cross-clamping 
with a mean pressure of 60 mmHg or higher, de- 
pending on the amplitude of the MEP-signals. 
The aorta was clamped proximally and distally of 
the aneurysm but whenever possible staged clamping 
was performed, allowing maximal benefit of ret- 
rograde perfusion. The proximal anastomosis was per- 
formed first following double cross-clamping and 
trans-section of the aorta. A dacron tube graft (Gel- 
seal@, Vascu{ek, U.K.) was anastomosed with running 
3-0 prolene sutures. Then the aorta was clamped at 
the level of the diaphragm and the aneurysm opened. 
Depending on the MEP signals, intercostal arteries 
were reattached tothe graft and duration ofspinal cord 
ischaemia was minimised by immediate perfusion of 
the grafted intercostal arteries and cross-clamping the 
graft. In eight of 14 patients with type I, intercostal 
arteries between T6 and T12 were reimplanted. In five 
of 12 type II, intercostal arteries between T8 and T12 
were reattached, and in another five of type II patients 
lumbar arteries between L1 and L4 were re- 
vascularised. 
After opening the abdominal part of the aorta in 
type II, III and IV patients, the coeliac trunk, superior 
mesenteric artery and both renal arteries were se- 
lectively perfused with 9 French Pruitt catheters 
(Baxter@, Bentley Laboratories) which were connected 
to the extracorporal circulatory system (Figs 1,2). Vol- 
ume flow (ml/min) was measured with ultrasound 
flow meters (Transonic@, Ithaca, NY, U.S.A.). These 
arteries were reimplanted in the graft while selective 
organ perfusion was maintained. This "octopus" per- 
fusion technique has been described previously by 
Safi. 9 
In order to evaluate the potential protective ffect 
of retrograde aortic and selective organ perfusion, 
kidney (blood creatinine) and liver (serum trans- 
aminase) function were measured before surgery and 
daily until the 10th postoperative day. 
Results 
All 33 patients survived the surgical procedure. No 
extracorporal system-related complications occurred, 
neither with left heart bypass nor with cardio- 
pulmonary bypass. In three patients, bleeding in the 
left (collapsed) lung occurred uring surgery, probably 
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as a result of retraction of the lung during complete 
heparinisation. The bleeding stopped spontaneously 
after completion of the procedure and administration 
of protamine. In two patients the femoral artery re- 
quired surgical repair (one interposition graft, one end 
to end anastomosis) after the cannula dissected the 
artery. 
In all type II, IIl and IV TAAAs the octopus ystem 
could be inserted and adequate volume flow was 
achieved. The minimal volume flow through each 
artery (coeliac trunk, superior mesenteric and both 
renal arteries) was 60ml/min, with a maximum of 
150ml/min. The most convincing value of this se- 
lective organ perfusion during cross-clamping of the 
abdominal part was the uninterrupted urine output 
in all patients, irrespective of the aortic cross-clamp 
time. Continuous peristalsis and a normal colour of 
the liver and intestines were also observed, and under- 
line this benefit. Two patients can illustrate this ad- 
ditional value of retrograde and selective organ 
perfusion. 
The first patient was a 49-year-old male with a type 
I TAAA who had a renal transplant 5 years prior 
to his aortic surgery. The transplanted kidney was 
anastomosed to the left iliac artery and vein. The 
preoperative blood creatinine was 164 ~tmol/1. The 
type I aneurysm was replaced by a 22 mm tube graft 
using retrograde aortic perfusion through the right 
femoral artery, with the distal cross-clamp just above 
the coeliac trunc. The total cross-clamp time Was 
70 min, including reattachment of four intercostal ar- 
teries. Urine output was uninterrupted and the cre- 
atinine rose on the second postoperative day but 
returned to 100 ~tmol/1 after the third day. The patient 
recovered uneventfully. 
The second patient was a 64-year-old male with a 
type III aneurysm who had a 'tube graft for an in- 
frarenal aortic aneurysm 5 years prior to his TAAA 
procedure. His hypertension (200/100) was difficult 
to treat with antihypertensive agents. The preoperative 
angiography could not visualise renal artery stenosis 
because of the large aneurysm. During surgery the 
thoracic part was replaced by a tube graft with cross- 
clamps at T7 and the diaphragm, using retrograde 
aortic perfusion. The abdominal tube graft was then 
clamped and the aneurysm opened. The coeliac trunk 
and superior mesenteric artery were located in an 
aortic wall of acceptable quality to sew; however, both 
renal arteries were hidden in debris, haematoma and 
degenerated tissue, probably due to a confined rup- 
ture, impossible to reattach in the tube grafts. Fol- 
lowing removal of all debris both renal arteries, which 
had severe origine stenosis, could be cannulated with 
the Pruitt catheters, and gentle pulling-up allowed the 
inflated balloons to dissect inside the arteries towards 
an acceptable arterial wall, to be anastomosed to a 
6 mm dacron tube graft. The renal artery Pruitt cath- 
eters were positioned inside the tube graft, allowing 
continuous renal perfusion while anastomosing the 
grafts to the arteries (Fig. 3). Then the island of the 
coeliac trunk and superior mesenteric artery was re- 
implanted in the tube graft, which was then ana- 
stomosed end to end to the old abdominal graft. 
Finally, both renal grafts were anastomosed to the 
tube graft in an end-to-side fashion, using side-biting 
clamps. The total aortic cross-clamp time, including 
reattachment of intercostal arteries and both renal 
grafts, was 130 min. Uninterrupted urine output was 
achieved perioperatively, indicating the importance of 
this selective perfusion. Blood creatinine did not rise 
at all in the postoperative phase. Without retrograde 
aortic and selective perfusion this patient would most 
likely have developed renal failure following 130 rain 
of ischaemia. In the postoperative phase the blood 
pressure normalized and the patient could disregard 
the antihypertensive agents. 
Figure 4 shows increasing creatinine levels in three 
patients with preoperative elevated values. Two 
patients returned to their basic values, and one patient 
developed renal failure and died. All patients with 
normal preoperative creatinine showed stable values 
following surgery. Thus, only one patient (3%), who 
already had renal insufficiency, developed renal fail- 
ure. Serum transaminase did not change at all in the 
postoperative phase. There was no patient with any 
signs of intestinal ischaemia, and multiple organ failure 
did not occur. The in-hospital mortality of the 33 
patients was 15%: one patient died from sepsis, three 
patients as a result of cardiopulmonary insufficiency 
and one patient with renal failure. Four patients (12%) 
developed paraplegia, two of whom belonged to the 
mortality group. 
Discussion 
Retrograde aortic perfusion in Type I and combined 
retrograde and selective perfusion in type II, III and 
IV thoracoabdominal aortic aneurysms was shown to 
prevent ischaemic renal and intestinal damage during 
aortic cross-clamping. The octopus system did not 
cause any complications and allowed surgical repair 
and reattachment of renal and visceral arteries without 
any need to hurry. Furthermore, kidneys at risk could 
be prevented from renal failure in all but one patients. 
We found no renal failure in patients with normal 
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Fig. 3. Abdominal part of type III TAAA-repair in patient who had previous infrarenal tube graft for AAA. The octopus catheters are 
perfusing the coeliac and superior mesenteric arteries as well as the right renal artery. The left renal artery is severely diseased and 
dissected for several centimetres, while perfusion is performed through the octopus catheter which is inside a 6 mm dacron graft finally 
to be anastomosed in an end-to-end fashion. 
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Fig. 4. Blood-creatinine levels for each individual patient before surgery and at the first, fifth and 10th postoperative days. All individuals 
are indicated, causing the hatched area in the normal range because no significant changes occurred inthese patients. 
preoperative creatinine levels. The question arises of 
when to use retrograde aortic perfusion and when 
to add selective organ perfusion. It is obvious that 
retrograde perfusion provides renal protection i  type 
I aneurysms because the distal cross-clamp is most 
frequently placed above the renal or visceral arteries. 
Unfortunately, in the literature, the incidence of renal 
failure is often described for the whole group of tho- 
racoabdominal aneurysms, without discriminating be- 
tween the different extents of the aneurysm. This is 
important, because with the use of retrograde aortic 
perfusion the results of type I and type II aneurysm 
repair cannot be compared as far as renal or visceral 
ischaemic damage is concerned, because the risk of 
renal failure and visceral ischaemia is much higher in 
type II patients. 
Using retrograde aortic perfusion and the technique 
of sequential c amping in type II patients, the visceral 
organs are well perfused uring the thoracic part of 
the aneurysm repair. After placing the distal clamp 
below the abdominal neurysm and opening the aorta, 
the retrograde perfusion is not perfusing the organs 
anymore and the ischaemic time would start. This 
ischaemic part of the surgical procedure isno different 
in type III and IV aneurysms, and therefore we believe 
that selective perfusion is indicated in type II as well 
as in type III and IV aneurysms. Furthermore, ven in 
the most advantageous situations, the abdominal part 
of the procedure, including cross-clamping, opening 
and cleaning of the aneurysm, cutting the graft and 
attachment of one island containing the coeliac trunk, 
superior mesenteric and both renal arteries to the 
aortic graft, will always cause an ischaemic time of at 
least 30 rain. This time will be even longer if arteries 
have to be endarterectomised or separate grafts ana- 
stomosed. Therefore, selective organ perfusion is a 
valuable adjunctive procedure, even in type IV an- 
eurysms, especially if renal insufficiency exists pre- 
operatively. The main exception for this policy is when 
type IV aneurysms can be operated with a single 
proximal anastomosis containing the intestinal and 
renal arteries, which actually will not cause a long 
ischaemic time. 
The beneficial effects of retrograde aortic perfusion 
have been described beforeS'9A1A2; however, this tech- 
nique does not allow protection during the abdominal 
part of the surgical procedure when the infrarenal 
aorta is clamped. Other methods to protect against 
visceral ischaemia are moderate hypothermia 13 or even 
hypothermic circulatory arrest. 14'15 
Schwartz et al. 16 recently described their improved 
results of repair of type IV aneurysms, operated upon 
without renal or visceral protection. Eighty-eight 
percent had increased creatinine after surgery, 11% 
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required dialysis and 5% suffered f rom intestinal isch- 
aemia. The mean renal and visceral ischaemic time 
was 57 min and ranged between 19 and 162 min. They 
did not describe whether  renal and visceral damage 
correlated with long ischaemic times, but  our results 
show that even in type IV patients selective organ 
perfusion can prevent  these complications. 
With regard to the type of perfusion, one can choose 
between left heart bypass,  cannulat ing the left atr ium 
or pu lmonary  vein, or partial card iopu lmonary  b pass. 
The latter technique provides haemodynamic  ad- 
vantages; however,  the disadvantages of total hep- 
arinisation can cause severe complications. We 
therefore prefer the left heart bypass and only use 
partial card iopu lmonary  bypass in extensive type II 
aneurysms where spinal cord protect ion with cooling 
is performed. Furthermore,  if the aneurysm involves 
the aortic arch and proximal c lamping is not feasible, 
the proximal anastomosis is per formed with cir- 
culatory arrest. In conclusion, retrograde aortic per- 
fusion in type I, combined retrograde and selective 
organ perfus ion in type II and III and selective organ 
perfusion in type IV TAAAs significantly reduces renal 
and intestinal ischaemia dur ing surgical repair, ir- 
respective of the extent of the aneurysm and the aortic 
cross-clamp time. Because no severe complications of 
the extracorporal  systems occurred, we believe these 
techniques should be integrated in the protocol  of 
TAAA repair. 
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